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Objective: A drug interaction (DI) is the clinical event in which the effect or action of one drug is modified by the presence of another. 
Because of potential harms and low consistency of available information, it is critical to assess the clinical relevance of DI. This study aimed 
to identify and evaluate the clinical consequences of DI in the pharmacotherapy of patients followed in a primary care Comprehensive 
Medication Management (CMM) services. Methods: This observational cross-sectional study was based on the analysis of the CMM 
records all the patients that used at least two medications and attended to at least three CMM consultations from August 2015 to 
March 2016 (n=88). Potential DI were identified among the medications used in the initial consultation of CMM using Micromedex® 
Drug-Reax® software. The DI were classified as “monitorable” (when its clinical consequences could be monitored by effectiveness or 
safety paremeters) or non-monitorable, and their clinical consequences were evaluated by analysis of CMM records. Results: Among 
the studied population 95.5% of the patients had at least one potential DI in their pharmacotherapy, totaling 493 potential DI. Of all the 
potential DIs identified, 90.9% were monitorable, and the majority of these monitorable DI presented no clinical consequences (62.7%). 
For 63.9% of the DI with clinical impact, the pharmacist adopted direct or indirect measures that would favor the resolution or reduction 
of the clinical impact of DIs. Conclusion: The CMM service facilitates the management of DIs since its decision-making method calls 
for monitoring of the effectiveness and safety parameters, individualizing the management of DIs according to the patient’s needs and 
their clinical consequences.

Keywords: medication therapy management; drug interactions; primary health care.

Interações medicamentosas na farmacoterapia de pacientes incluídos em serviços de 
gerenciamento da terapia medicamentosa na atenção primária

Objetivo: Interação medicamentosa (IM) é o evento clínico no qual o efeito ou ação de um medicamento é modificado pela presença 
de outro. Por causa dos danos potenciais e da baixa consistência das informações disponíveis, é fundamental avaliar a relevância clínica 
da IM. O objetivo deste estudo foi identificar e avaliar as consequências clínicas da IM na farmacoterapia de pacientes acompanhados 
em serviços de Gerenciamento da Terapia Medicamentosa (GTM) na atenção primária. Métodos: Este estudo observacional do 
tipo transversal baseou-se na análise dos prontuários do GTM de todos os pacientes que usaram pelo menos dois medicamentos e 
compareceram a pelo menos três consultas do CMM no período de agosto de 2015 a março de 2016 (n = 88). Potenciais IM foram 
identificados entre os medicamentos utilizados na consulta inicial do GTM por meio do software Micromedex® Drug-Reax®. As IM 
foram classificadas como “monitoráveis” (quando suas consequências clínicas pudessem ser monitoradas por parâmetros de eficácia 
ou segurança) ou não monitoráveis, e suas consequências clínicas foram avaliadas pela análise dos registros do GTM. Resultados: 
Na população estudada 95,5% dos pacientes apresentaram pelo menos um IM potencial em sua farmacoterapia, totalizando 493 IM 
potencial. De todas as IMs potenciais identificados, 90,9% eram monitoráveis, e a maioria dessas IMs monitoráveis ​​não apresentava 
consequências clínicas (62,7%). Para 63,9% das IM com impacto clínico, o farmacêutico adotou medidas diretas ou indiretas que 
favoreceriam a resolução ou redução do impacto clínico das IM. Conclusão: O serviço de GTM facilita o gerenciamento das IMs, pois 
seu método de tomada de decisão evolui no monitoramento dos parâmetros de eficácia e segurança, individualizando o manejo das 
IMs de acordo com as necessidades do paciente e suas consequências clínicas.
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Drug interactions (DIs) are clinical events in which the action or 
effects of a drug are modified by the presence of another drug, 
food, drink or some environmental chemical agent. Medications 
used by a patient may act independently or interact with each 
other. 1,2 These interactions can be beneficial, harmful or without 
any consequence to the health of individuals. The outcome 
resulting from a DI will depend not only on the drugs involved, but 
also on the characteristics of individuals and their clinical state.1,3

Despite difficulties in elucidating all the mechanisms involving 
DIs, they can be classified by the results of preclinical and clinical 
studies. Pharmacokinetic DIs occur when one drug modifies the 
kinetics of another drug in the body. Thus, interference may occur 
in the process of absorption, distribution, biotransformation or 
excretion of the subject drug.3-5 Pharmacodynamic interactions 
can be divided into action DIs and effect DIs. The former ones are 
those in which the action of a drug is influenced by the presence 
of another drug at the site of biological activity (receptors or 
enzymes) or in the molecular structures following activation.3,4,6 
However, effect DIs occur from drugs with pharmacological 
pathways and different binding sites, but which have synergistic 
or antagonistic effects.6 

Different approaches can be used to prevent or circumvent the 
occurrence of DIs. Most them use the medical prescription as 
an instrument of identification and isolated evaluation of the 
interaction. If, on one hand, these methods are more practical 
and require less time to identify potential drug interactions (PDIs); 
on the other hand, the focus on prescription usually does not 
provide information about the patient’s clinical condition and, 
consequently, does not allow the assessment of the clinical impact 
of the DIs on the patient’s treatment. The computerized DI alert 
systems are a widely used tool in the health services, but most 
of them also do not provide information contextualized with the 
clinical condition of the patient, which generates alert fatigue, and 
lead to clinicians ignoring them in frequencies thar commonly 
exceed 90%. 7,8

Therefore, a more contextualized and holistic approach can be 
carried out in a Comprehensive Medication Management (CMM) 
service, in which the pharmacist uses the theoretical framework 
of Pharmaceutical Care to optimize pharmacotherapeutic clinical 
outcomes. In this service, the professional is responsible for 
identifying, preventing and resolving drug therapy problems 
(DTP).9-11 There are several probable causes for a DTP, and DI, 
as a group, comprise one of them. The decision-making method 
used in this practice recommends that professionals evaluate 
sequentially whether the medications are indicated, effective 
and safe, and if the patient can use them (adherence).11 Thus, DI 
should be considered only with the identification of compromised 
effectiveness (the patient may use two or more drugs that interact 
to reduce the effectiveness of one of them) or safety (drug 
interaction may cause an adverse drug reaction – ADR; or increase 
the plasma concentrations of a drug – high dose). 12

Some studies have already identified a high proportion of 
potential DI. However, to the best of our knowledge, no study has 
evaluated the prevalence and clinical consequences of DI among 
patients included in CMM services to date. In this perspective, 
this study aimed to describe DI found in the pharmacotherapy of 
patients followed in primary care CMM service, as well as their 
consequences and relevance within the decision-making process 
proposed by the Pharmacotherapy Workup (PW).

This observational cross-sectional study is part of a study on the 
assessment of the clinical impact of the CMM service provided in 
11 primary care units of the Brazilian public health system of the 
city of Betim, located in the metropolitan region of Belo Horizonte 
(Minas Gerais). The service was intended for patients who did not 
achieve the therapeutic goals, and the present study evaluated 
CMM consultations performed from August 2015 to March 
2016 with a total of 280 patients. Among those, all patients that 
had participated in at least three CMM consultations and used 
at least two drugs in their initial evaluation constituted the 88 
patient’s population of our study. This selection strategy allowed 
the exclusion of patients with a lower number of pharmaceutical 
consultation and who had no clinical/laboratory results, which 
could compromise the evaluation of the clinical consequences of 
the DI.

All data was retrospectively collected from the computerized 
medical records of the CMM service. The following variables 
were collected: gender, age, schooling, health problems and 
medications used. Medications used were classified according 
to the Anatomical Therapeutic Chemical classification system 
(ATC).13

Potential DI were identified in the list of used medications 
documented for the initial CMM evaluation. For such, 
Micromedex® Drug-Reax® software was used; it has specificity 
and sensitivity for the identification of interactions for scientific 
investigation and use in clinical practice at hospital and primary 
care levels.14-16  All potential DI were classified by severity 
(contraindicated, major, moderate, minor and unknown) and 
by the level of scientific documentation (excellent, good, fair 
and unknown) adopting the specifications of the Drug-Reax® 
software. 

According to the description of the clinical consequences, 
available in the Drug-Reax® software, potential DI were classified 
as: a) monitorable, when their undesirable clinical consequences 
could be monitored through laboratory or clinical parameters 
evaluated in primary care; or b) non-monitorable, when DI could 
not have their undesirable clinical consequences monitored 
in this way. This classification was performed independently 
by two clinical pharmacists with vast experience on CMM and 
other pharmaceutical services provision, but that did not provide 
CMM on the studied site. In case of disagreement between 
the pharmacists on any classification, it was discussed until a 
consensus was reached.

These two pharmacists also evaluated all CMM records in order 
to differentiate the monitorable DI according to the actual 
occurrence of clinical consequences. In this context, monitorable 
DI with clinical consequences were identified as those that 
generated an undesirable impact on the clinical/laboratory results 
documented in the CMM records (eg. low fasting blood glucose 
levels for DI that cause hypoglycemia; or high blood pressure for 
DI that reduce antihypertensive effectiveness). On the other hand, 
monitorable DI without clinical consequences were identified as 
those that generate no undesirable impact. However, for some 
monitorable DI, it was not possible to evaluate their clinical 
consequences due to the absence of clinical/laboratory results. 

The type of adverse clinical consequence associated with a 
monitorable or non-monitorable DI and the conduct of the CMM 
provider in the face of a DI were evaluated. An assessment was 
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also made regarding whether the pharmacist identified any DTP 
in the face of DI.

In the present study, DI involving at least one medication classified 
by clinical pharmacists as “unnecessary” (DTP 1 according to the 
Pharmacotherapy Workup method) were also identified. That is, 
the patient had no medical condition that would justify the use 
of at a medication involved in the DI.

A descriptive analysis of the data was performed, which 
established the absolute and relative frequencies for the 
categorical variables and the central tendency (mean and 
standard deviation, or median), minimum and maximum for the 
quantitative variables.

This study is a part of the project “Clinical, economic, humanistic, 
cultural and educational results in the Drug Therapy Management 
in the Unified Health System”, approved by the Research Ethics 
Committee of Federal University of Minas Gerais on May 28, 
2014, under CAAE - 25780314.4.0000.5149. 

The studied population consisted mainly of women (n=53; 60.2%) 
and had a median of 65 years. The total number of medications 
used per patient at the first CMM evaluation ranged from 2 to 14 
medications (median = 7), and most patients used five or more 
medications (n=72; 81.8%), which increases the exposure to DI 
(Table 1).

Table 1. Characteristics of the patients included in the study (n = 
88). Betim, Minas Gerais, Brazil. 2015-2016.

Characteristics n (%)

Sex  
Male 35(39.8)
Female 53(60.2)
Age (years completed)  
≤ 49 10 (11.4)
50–59 19 (21.6)
60–69 27 (30.7)
≥ 70 32 (36.4)
Number of health problems in the initial assessment 
1 – 3 23 (26.1)
4 – 5 36 (40.9)
≥ 6 29 (33.0)
Number of medications in the initial assessment  
2 – 4 16 (18.2)
5 – 9 54 (61.4)
≥ 10 18 (20.5)
Schooling (years)  
0 20 (22.7)
1 – 4 44 (50.0)
≥ 5 15 (17.0)
Uninformed 09 (10.2)

The most commonly used drugs were aspirin [B01AC06] (n=52; 
used by 10.1% of the patients), simvastatin [C10AA01] (n=52; 
10.1%), metformin [A10BA02]  (n=38; 7.4%) and enalapril 
[C09AA02]   (n=37, 7.2%). The most prevalent health problems 
among the patients were those already expected in a primary 
health care service: hypertension (n=76; 86.4%), type 2 diabetes 

Results

mellitus (n=51; 60.0%) and dyslipidemia (n=44; 50.0%). The 
number of health problems per patient ranged from 1 to 9 
(median = 5).

Potential Drug Interactions

We observed that 84 patients (95.5%) had at least one potential 
DI identified among the medication used in their initial CMM 
evaluation, and a total number of 493 potential DI were found 
(mean = 5.6±4,3 PDI/patient; minimum=0; maximum=22). In 
total, 163 different types of potential DI were detected, being 
“NPH insulin + metformin” (n=25; 5.1%) the most frequent one. 
Potential DI involving “aspirin + enalapril”, “aspirin + NPH insulin” 
and “amlodipine + simvastatin” were also frequent (n=24; 4.9% 
for each interaction). 

Regarding their classification of severity and relevance, most of 
the potential DI detected were from the group of interactions 
with ‘moderate severity’ (n=331; 67.1%) or ‘major’ (n=137; 
27.8%). According to their documentation level, most of the 
potential DI had good scientific documentation (n=220; 44.6%). 

Considering only the potential DIs classified as ‘major’ or 
‘contraindicated’, and with ‘good’ or ‘excellent’ scientific 
documentation, 141 PDIs were identified, divided into 57 
different DI types. After this selection, the most frequent PDIs 
were: “amlodipine + simvastatin” (n=23; 16.3%), “aspirin + 
hydrochlorothiazide” (n=19; 13.5%) and “aspirin + furosemide” 
(n=15; 10.6%). 

Monitorable Drug Interactions

We found that, of the total potential DIs identified (n=493), the 
majority was monitorable (n=448; 90.9%). Then, we observed 
that, of those, the majority had no clinical consequences 
identified (n=281; 62.7% of the monitorable DI). For only 10,0% 
of the monitorable DI (n=45), however, it was not possible to 
evaluate their clinical outcomes due to the lack of monitoring 
parameters documentation (Figure 1). 

On the other hand, few undesirable clinical consequences were 
identified for 27,2% of the monitorable DI (n=122), and the most 
frequent DI of these DI were: “amlodipine + simvastatin” (n=10), 
“NPH insulin + metformin” (n=7) and “aspirin + hydrochlorothiazide” 
(n=5). The most frequent undesirable clinical consequences 
associated with these monitorable DI were hypoglycemia (n=45; 
36.9%) and hyperglycemia (n=15, 12.3%) (Table 2). 

Table 2. Frequency of adverse clinical consequences associated to 
monitorable drug interactions identified in the pharmacotherapy 
of patients followed in the CMM service. Betim, Minas Gerais, 
Brazil. 2015-2016.

Clinical Consequence n (%)

Hypoglycemia 45 (36.9)
Hyperglycemia 15 (12.3)
Kidney disfunction 12 (9.8)
Myopathy 11 (9.0)
Hypotension 10 (8.2)
Bradycardia 8 (6.6)
Benzodiazepine intoxication 5 (4.0)
Others 16 (13.2)
TOTAL 122 (100.0)
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It was observed that, for 78 of the monitorable and clinically 
manifested DI (63.9%), the pharmacist identified a DTP and 
took direct or indirect measures that favored the resolution 
of the interaction or minimized its clinical impact. The most 
frequent intervention performed concerning the identified 
clinical outcome was the suggestion of a contraindicated 
drug suspension (n=24; 30.0%), followed by a reduced drug 
dose (n=17; 21.8%), change of drug due to adverse reaction or 
ineffectiveness (n=15, 19.2%), dose increase (n=12, 15.4%), and 
withdrawal of the non-effective drug (n=10, 12.8%).

On the other hand, for another 10 monitorable and clinically 
manifested DI (8.2%), the pharmacist identified a DTP that led 
to the adoption of a conduct that could enhance the clinical 
impact of a DI. For the other 34 DI (27.9%), the pharmacist did 
not identify any DTP and no conduct was adopted regarding the 
DI.

Non-monitorable Drug Interactions

We observed that, of the 493 PDIs found, 45 (9.1%) were classified 
as non-monitorable. These could be grouped into thirty types of 
DI, and the most frequent were “aspirin + ibuprofen” (n=4; 7.7%) 
and “aspirin + fluoxetine” (n=3, 5.8%). 

The most frequent potential adverse clinical consequences 
expected for the non-monitorable DI were bleeding (48.0%) 
and reduced effectiveness of CV disorder prophylaxis (31.0%). 
The “aspirin + ibuprofen” interaction was the most frequent 
potential cause. 

Of the total non-monitorable PDIs (n=45), 11 (24.4%) involved at 
least one drug that the pharmacist identified as contraindicated 
(safety DTP); and another 5 (11.1%) involved at least one drug 
which the patient was not using (involved in non-adherence DTP). 
Among the 29 remaining non-monitorable PDIs, it was observed 
that 18 were not targeted by the pharmacist; another 9 were 

adequately addressed by the practitioner with an intervention 
that solved the potential problem involved in the DI. For the 
last non-monitorable DI, the pharmacist increasing the dose of 
one of the medications involved in the DI (n=1) or ignored the 
presence of the DI (n=1).

Unnecessary drugs

Of the total potential DIs identified (n=493), 71 (14.4%) involved 
at least one unnecessary drug (involved in a DTP 1 identified at the 
initial CMM assessment). The potential DI with this particularity 
were found for almost half of the patients (45.2%). Aspirin was 
the drug most frequently involved in a potential DI and DTP1 
simultaneously (n=13; 16.9%). In addition, it was observed that 
most DI involving unnecessary drugs were monitorable (n = 60; 
12.2%) and 16 (3.2%) of these had clinical manifestations.

The high prevalence of older patients and polypharmacy (use 
of five or more medications17) in this study is in line with other 
studies that indicate that this group of patients frequently 
present DTPs in their pharmacotherapy, and, consequently, can 
benefit considerably the CMM service.18,19 On the other hand, the 
older age detected causes concern, since the mean of potential 
DI identified was high (95.5%), and DI tend pose more threats 
to this population due to the considerable pharmacokinetic and 
pharmacodynamic changes caused by the aging process that can 
potentialize their adverse clinical consequences. 20-22 The mean 
of DI encountered (mean= 5.9 DI/patient) was, however, similar 
to that found in other studies 22,23, and involved mainly the most 
commonly used drugs among the study’s patients, as expected.

Discussion

Figure 1. Drug interactions identified in the pharmacotherapy of patients followed in the CMM service. Betim, Minas Gerais, Brazil. 2015-2016.

*Aditional 45 PDIs (9.1%) with necessary medications did not present clinical consequences documented in CMM records; **DI – drug interaction; PDIs – potential drug interactions; 
CMM – comprehensive medication management
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Most of the potential DI were of “moderate severity” or “major” 
(94.9%) and with “good” scientific documentation (44.6%), and 
the most frequent DI was “NPH insulin + metformin” (n = 25; 
5.1%). Many studies only report major DI, and, if this was the 
case in the present study, the most frequent potential DI would 
be “amlodipine + simvastatin” (n=23;16.3%).21,24 However, it is 
important to point out that, in clinical practice, one should not 
consider only DI classified as “major”, because those considered 
moderate can also cause serious damage, especially to more 
vulnerable patients, such as the older patients.3,21 In this sense, 
the most frequent potential DI in this study (NPH insulin + 
metformin), despite being classified as “moderate” in severity, 
could contribute to serious hypoglycemia among the majority of 
older patients identified in the present study. 25

According to the classification of the DI in terms of their 
monitorability, it was possible to verify that most DI were 
classified as monitorable (90.9%), but few were associated with a 
detectable clinical consequence (27%), very similar to that found 
by Dumbreck et al.24 These results reveal that the pharmacist 
could and should easily use clinical parameters to determine the 
existence of a DI whenever possible, since the identification of a 
potential DI in the pharmacotherapy does not necessarily reflect 
a clinical alteration.2,26 That is, when it comes to a monitorable DI, 
continuous attention to the parameters of effectiveness and safety 
of each medication can go a longer way than the identification of 
all DI and their communication to the health team. 

On the other hand, it is necessary to consider that other causes 
may have altered the parameters of those monitorable DI that 
were actually associated with a clinical consequence, such as low 
dose, high dose and inappropriate frequency. Cipolle et al. (2012) 
found that DI configurate only the fifth most frequent cause of low 
and high doses, in addition to being only the third most frequent 
cause of ADR.12 The presence of multiple health problems, found 
in the present study (mean=4,6), can also contribute to and 
exacerbate those clinical consequences. But this only reinforces 
the knowledge that DI investigation and causality evaluation is 
usually tricky and should be cautious and properly contextualized 
with the patient´s clinical status. 

Although non-monitorable DI were not the most frequent, this 
group of DI demands greater attention by the pharmacists, since 
there are no clinical parameters and laboratory readily available in 
primary care that allows their adequate monitoring. In addition, 
the multiple pairs of drugs associated with this type of DI offer a 
challenge for the clinician and reinforces the importance of having 
a reliable database for continuous consultation.

The most frequent potential adverse clinical consequences expected 
for the non-monitorable DI was bleeding (48.0%). Although it is 
possible to monitor bleeding through minor signs (e.g., petechiae, 
bruising, bleeding gums, and so forth) and laboratory tests (e.g., 
PT and APTT), patients can develop severe bleeding (intracranial, 
gastrointestinal) that is not preceded by minor bleeding.27,28 This 
is especially true in older patients, which were a majority in the 
present study.17 DI that could cause bleeding occurred mainly in the 
concomitant use of an NSAID and an antidepressant (n=15; 35.71%), 
pointing out to the necessity of choosing alternative medication 
that do not involve those DI, and also to reevaluate the necessity of 
NSAID use, including prophylactic aspirin.

Reduced effectiveness of CV disorder prophylaxis was the second 
most frequent non-monitorable potential outcome (31.0%), 
and the “aspirin + ibuprofen” interaction was the most frequent 

potential cause. Since it is not possible to monitor the effectiveness 
of medications with this protective action, it is essential to adopt 
measures in order to minimize the clinical impact of these 
interactions, including the reduction of NSAID use.29-32

A limitation of the present study was the fact that drug dosages 
were not taken into consideration to differentiate the propensity 
of DI clinical consequences. For instance, it is well known that 
the DI involving simvastatin are more relevant with doses higher 
than 20 mg. This was decision made according to the software 
used in the analyse (Micromedex®) that does not point out 
this particularity. On the other hand, it is important to discuss 
that drug interactions in complex patients, using multiple drugs 
may be mutually potentiated; for instance, a patient can use a 
CYP inhibitor that enhances the clinical results of another drug 
interaction that involves a CYP substrate. This possibility was not 
explored in the present study, and should be considered by other 
researchers, as well as evaluating drug dosages.

Another limitation of the present study was the impossibility of 
assessing the clinical relevance of some drug interactions due to the 
lack of medical records. This lack of registration can be explained 
by the fact that the services studied are inserted in the Brazilian 
public health system, where resources are limited, which made it 
difficult to perform laboratory tests. In addition, CMM is a service 
that is not widespread in Brazil and as a consequence, the clinical 
pharmacists who provided the service were new at the time of the 
study, although they received extensive theoretical and practical 
training in pharmaceutical care with the support of the University.

In the present study, within the care process, the pharmacist 
identified and intervened directly or indirectly in 55.0% of 
the non-monitorable DIs. This number is significant, given the 
difficulties in identifying and addressing interactions of this 
nature. On the other hand, we noticed that the adoption of no 
attitude to eliminate or reduce the impact of the DI was observed 
for a considerable part of the non-monitorable DIs (24.0%). The 
pharmacotherapy workup method proposes that all clinical and 
laboratory parameters should be considered for the correct 
evaluation of effectiveness and safety. 9-11 However, when it comes 
to non-monitorable PDIs, the lack of such parameters can lead to 
the professional’s forgetfulness since these are the main alerts of 
the existence of this group of problems. This significant fraction 
indicates that it is still necessary to align the conduct of the 
professionals working in the CMM services to identify the non-
monitorable DIs and to design strategies to circumvent them. It is 
also worth highlighting the lack of a computer or internet access in 
the studied CMM service and the frequent performance of CMM 
consultation in the patient’s home, which may reduce the access 
of the professional to the potential DI verification software.

A significant percentage of the potential DI involved at least 
one unnecessary drug (14,4%). This scenario reveals that, after 
discontinuing unnecessary drugs, a considerable part of the 
potential DI would cease to exist and, therefore taking actions 
towards managing these DI would also become unnecessary.  
In this sense, the logical and sequential decision-making 
method proposed by the pharmacotherapy workup allows 
greater organization of reasoning, and minimizes the chances of 
overestimating DI, and managing an interaction that involves one or 
more medications that should not be used by the patient. Therefore, 
the CMM service contributes to the deprescription of medications 
by proposing the suspension of those that are unnecessary, in order 
to avoid the patient experiencing adverse reactions (including those 
caused by DI) without any benefit in the use of the drug.11,21 
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Our study showed that it is fundamental to analyze the DI in a 
clinically contextualized manner. Also, professionals who intend 
to perform such analysis should distinguish the DI that can be 
monitored from those that are not monitorable. Finally, CMM 
service facilitates the management of DI, since its decision-making 
method involucrate the deprescription of unnecessary drugs and 
monitoring of the effectiveness and safety parameters, allowing 
the individualized management of DI according to the patient’s 
needs.
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